1. Plasma amino acids have been determined in healthy untreated women and in those receiving synthetic steroids to suppress ovulation. Both groups were studied early in the cycle when endogenous sex hormone production is low, and again later in the same cycle, when endogenous or exogenous hormones are at high concentrations respectively.
acids (Landau & Lugibihl, 1967; Zinneman, Musa & Doe, 1965; Zinneman, Seal & Doe, 1967) the influence of combined oestrogen and progestogen preparations on plasma free amino acids of women is not known.
This study was undertaken to establish whether oral contraceptives significantly alter plasma free amino acid concentrations. Comparison was made with the findings in healthy untreated women.
METHODS
The volunteers who participated in this study were six healthy young women with regular menstrual cycles, aged between 20 and 30 years, and seven women in the same age range who had been using an oral contraceptive for more than 3 months [Gynovlar (Schering) which contains 0·05 mg of ethinyl oestradiol and 3·0 mg of norethisterone acetate].
In an attempt to evaluate possible changes in amino acid patterns due to the influence of sex hormones, plasma samples were taken in the two groups at different times in the cycle when the concentrations of hormones are known to be low or high. In both groups samples were taken from each individual between days 2 and 5 and again between days 19 and 22 in the same cycle. In those receiving oral contraceptives the first sample was taken in the day or two preceding a further course of tablets, thus allowing for the maximum excretion of synthetic hormones in the tablet-free interval.
All samples were taken between 7 and 9 a.m. after an overnight fast. Heparinized blood was centrifuged immediately and the plasma stored at -20°before analysis. Deproteinization was undertaken by the technique of Gerritsen, Rehberg & Waisman (1965) and the amino acids were determined by ion-exchange chromatography (Perry, Stedman & Hansen, 1968 ) on a Technicon TSM-2 amino acid analyser. Glutamine and glutamic acid were measured together as glutamate.
RESULTS
In the control group total plasma amino acid concentration is significantly lower between days 19 and 22 than between days 2 and 5 (243±SEM 7·5 j1mol/IOO 011, n = 6, compared with 295± 10'9 j1mol/iOO 011, n = 6, P<O·Ol).
In those receiving contraceptive pills the decrease at the same time in the cycle is also significant (225± 10'5 j1mol/iOO 011, n = 7, compared with 293±7·6 j1mol/iOO 011, n = 7, P<O·OI). The difference between mean values in the two groups between days 19 and 22 is not significant (P<0·3).
.
The results of individual and mean values of plasma free amino acids in normal women during the menstrual cycle are shown in Table 1 . In addition, the standard error of the mean differences of paired values (SEd) are shown together with the significance of these differences as calculated by using the paired t test. Values of P<0·025 have been considered as significant.
A significant decrease in concentrations of serine, glutamate and ornithine is seen in the luteal phase. Table 2 shows results for women receiving oral contraceptives. There is a significant decrease in the concentrations of proline, glycine, alanine, valine, leucine and tyrosine in the luteal phase. Table 3 shows a comparison between the mean values of the two groups. In those instances where the variance of the two samples is markedly different the modification of the t test described by Cochran (1964) has been used. A significant decrease in plasma glycine is present in the oral contraceptive group early in the cycle before a further course of tablets has started although total plasma amino acid concentrations are the same at this time. In that part of the second half of the cycle under study the concentrations of glutamate, glycine, isoleucine and tyrosine are significantly lower in those taking synthetic steroids than in normal women. There are no significant increases in free amino acids although the contents of proline and lysine are higher at both times in the cycle.
DISCUSSION
During the normal menstrual cycle total plasma amino acid concentration falls significantly after ovulation when endogenous sex hormone production is high (Craft & Wise, 1969b) . The decrease in total and individual plasma amino acids reported here confirms this finding and suggests there is a physiological increase in amino acid utilization in the luteal phase, since there is no significant aminoaciduria. It has been reported that women have greater tolerance of an oral and intravenous load of glycine after ovulation (Craft & Wise, 1969a) .
It is not known for certain whether oestrogens, progesterone or a combination of both are responsible for these physiological changes. There is evidence that progesterone secreted by the corpus luteum may be partly responsible. Landau & Lugibihl (1967) reported a decrease in plasma free and total amino acids in men given intramuscular progesterone. This response was associated with an increase in urinary nitrogen excretion, mainly due to urea, without an increase in amino acid nitrogen. It was suggested that these findings were due to increased hepatic utilization of amino acids.
In women with regular menstrual cycles there is an increase in urinary nitrogen excretion in the luteal phase that occurs soon after ovulation and persists until menstruation (Landau & Lugibihl, 1961) . This increase is not seen in anovulatory cycles, in which progesterone is not released. When considered together with the fall in concentration of total and free plasma amino acids and the absence of any significant aminoaciduria, this finding suggests that physiological progesterone release in women is at least partly responsible for the changes described. Although it is possible that oestrogens may contribute there is little evidence that physiological amounts of oestrogen have a significant effect on amino acid metabolism.
The differences between those receiving oral contraceptives and the control subjects must be due to the administration of synthetic steroids since endogenous sex hormone production is suppressed. Since oestrogens and progestogens are anabolic and induce a positive nitrogen balance (Lecocq, Bradley & Goldzieher, 1967) , the decrease in plasma total and free amino acid concentrations indicates that oral contraceptive therapy causes increased utilization of amino acids. In contrast with that occurring physiologically in normal women after ovulation, this is present throughout most of the cycle since total plasma amino acid concentrations fall early in the cycle shortly after starting a course of tablets (Craft & Wise, 1969b) . The decrease in plasma glycine found during the tablet-free interval suggests there is increased utilization of this particular amino acid, even when most of the synthetic hormones have been excreted. The previously reported finding of increased tolerance to a glycine load at this time lends support to this suggestion (Craft et al., 1970) . It has also been reported that other metabolic changes may persist for some time after stopping oral contraceptive therapy, e.g. alterations in serum protein values (Musa, Doe & Seal, 1967) .
Little is known about the quantitative effect of oestrogen and progestogen components respectively, although both probably contribute to the observed changes. It is likely that progestogens exert the greater effect since oestrogen administration in men resulted in significant decreases in few plasma amino acids (Zinneman et al., 1965) , and progestogens, besides inducing a positive nitrogen balance, have also been reported to increase lean body mass due to protein accumulation in peripheral tissues (Lecocq et al., 1967) . However, oestrogens may influence the metabolism of specific amino acids, as Rose & Cramp (1970) found a significant decrease in plasma tyrosine concentration in women receiving combined oestrogen and progestogen preparations or oestrogens alone.
The full significance of the findings reported here and the exact mechanism of action of oral contraceptives on amino acid metabolism is not yet known. It is likely that they influence the activity of enzymes concerned with the metabolism of many free amino acids in both the liver and peripheral tissues.
